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The KLOE experiment operating at the t/i-factory DA$NE has collected an integrated lumi- 
nosity of about 2.5 fb~^ and 250 pb~^, on and off the meson peak respectively. Recent 
results achieved from studying properties of pseudoscalar and scalar mesons are presented. 

1 Introduction: KLOE detector 

The KLOE detector consists of a cylindrical drift chamber^ (3.3 m length and 2 m radius), 
surrounded by a calorimeter made of lead and scintillating fibers. The detector is inserted in a 
superconducting coil producing a magnetic field i?=0.52 T. Large angle tracks from the origin 
{0 > 45°) are reconstructed with momentum resolution ap/p = 0.4%. Photon energies and times 
are measured with resolutions of as/E = 5.7%/ E{GeV) and at = 57 ps/ ^/E{GeV) © 100 ps. 

2 Pseudoscalar Mesons 

KLOE collected a statistics of about 10*^ rj and 5 x 10^ rj' events, produced through magnetic 
dipole transitions, cj) ^ ij'y and cp — s- -q'^y, with full reconstruction of decay products. 

r] — > '7T~^7v~e~^e~ . CP violating (CPV) mechanisms can be tested in the decays of the pseu- 
doscalar mesons by measuring an asymmetry in the angle (j) between the e^e~ and Tr~^TT~ 
planes in the meson rest frame. In the r] case, a nonzero value would signal CPV dynamics not 
directly related to mo st w idelv studied flavour changing neutral current processes. Furthermore, 
possible contributions'^'^ beyond the Standard Model can raise Afp up to O(10~^). 

The r] 7r+7r~e^e~ analysis'^ is based on a sample of 1.7 fb~^. The event selection consists 
of the requirement of one photon of E > 250 MeV energy, namely the monochromatic photon 
from <j) — > T/7, and four charged tracks coming from the interaction region. Mass assignment 
for each track is done using time of flight of the charged particles measured in the calorimeter. 
Background sources are due to (/) decays: (j) ~^ tt'^tt'tt^ or — > tt~^tt~tt^ processes with tt^ Dalitz 
decay; or continuum processes: e+e~ — > e+e~7 events with 7 conversions, studied using data 
taken at ^/s = 1 GeV. The contamination is evaluated by fitting the sidebands of the M^^ee data 
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spectrum with background components after loose cuts on the kinematic fit and on the sum of 
momenta of the charged particles. Signal events are computed after rejecting 7 conversions, and 
from the fit the branching ratio is evaluated: BR(r/ — > Tr~^TT~e^e~) = (26.8 it 0.9stat i O.Jgys) x 
10~^. The asymmetry A(j) is measured from momenta of the charged particles and background 
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Figure 1: Left: M^^ee distributions around the 77 mass resulting from the fit: x^/d-of = 32.5/30. Middle: 
sine/) COS0 distributions for 535 < M^^ee < 555 MeV. Right: Z'^, vs. cpp, with constraints from Yl — r{ri' — > 
77)/r(7r'' -> 77), Y2 = r(r-/' p-y)/r{uj -K^-y), Y3 = R4, and F4 = r(r;' Lo-i)/V{Lu Tv^-y) measurements. 

subtracted. From the selected sample of 1555 events, the first measurement of performed is 
found compatible with zero at the 3% level: A(f) = (—0.6 ± 2.5stat i l-Ssys) x W~^. Left and 
middle panels of Fig. [1] show the M-n-jree spectrum after the fit and the sm(j) coscj) distribution in 
the signal region. 

Tf-r]' mixing. From the selection of </> — > rj'j tt^tt^I^ and (/> — > 7/7 — > 77 events out of a 
sample of 430 pb~^, the ratio = r{(f) — > ri''j)/r{(p 777) is measured, rj, rj' are known to be 
linear combinations of strange, ss, and nonstrange, nn, quarks. Moreover the r]' could contain 
a gluonium component GG, so that 

W) =X^,\nn)+Yr,,\ss) + Zr,,\GG) = cosifcsin^fp 

Y^i = cos (fG cos (fp 
It?) = cosv^pjnn) -sin(^p|ss) ^ ^^^^^ 

where ifp is the pseudoscalar mixing angle. A combined fit^ of the KLOE measured value 
of oc cot^ (/?p cos^ with available measurements of r(T7' — > p^)/V{uj — > vr'^7), r(77' — >■ 
77)/r(7r'^ 77) and r(r/' uj'^)/T{uj — > 7r''7), yields the following results, if Z'^, is fixed or not: 

ifP = (41.5t[]:?)°, =0 fixed, P^2=0.01, (1) 

= (39.7 ±0.7)°, Z2, = 0.14 ±0.04, = 0.49. (2) 

A 3o" evidence is found for gluonium content in 77', as shown in Fig. [1] right panel. Further 
analyses, including the new measurement^ of the BR(a' 7r'^7) done by KLOE, confirm the 
gluonium content in the 77' wavefunction. 

3 Scalar Mesons 

The still unresolved structure of these states is studied either through electric dipole transitions 
such as (/) — > oq (980)7 and looking at the mass spectrum of the scalar meson decay products, or 
with the search for processes like cj) [ao(980) ± /o(980)]7 KKj and 77 (t(600) tttt. 



4> — ^ ao (980)7 — TjTT^y. Two independent analyses^ using r/ — > 27 or 77 — > 7r"*'7r~7r'' decays 
are performed from a sample of 410 pb~^. Both analyses share the requirement of five photons 
from the interaction point. The selection of also two tracks of opposite charge, while less efficient 
for 7] vr^vr^vr^ events, has a selected sample with smaller background than from the ^ 27 
channel. The absence of a major source of interfering background allows to obtain the branching 
fraction directly from event counting. Table [1] shows that the two samples lead to consistent 
branching ratio values, thus a combined fit of the two spectra is performed. The couplings, 
fitted according to the Kaon Loop^ and the No Structure^^^ models, point to a total width in 
the range [80 105] MeV and to a sizeable ss content of the ao(980). 



channel features 
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BR{<j} -QTrO-y) X 10^ 


7.01{10){20) 


7.12(13)(22) 


fit parameter 


Kaon Loop 


No Structure 


mag (MeV) 


982.5(1.6)(1.1) 


982.5 (fixed) 


9aoK+K- (GeV) 


2.15(6){6) 


2.01(7)(28) 


gaorin (GeV) 


2.82(3){4) 


2.46(8)(11) 


94>aoi (GeV-1) 




1.83(3)(8) 


xVdof 


157.1/136 


140.6/133 


CL 


10.4% 


30.9% 



Table 1: Results from the two independent 
analyses (first three rows) and from the com- 
bined fit of the two spectra (second six rows). 
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Figure 2: BR((^ KK'y): excluded region (dark 
band) at 90% CL compared with theoretical esti- 
mates and the KLOE prediction (hght band). 



search for [ao(980) + /o(980)] — KK. This process has never been observed. Detection 
of a KsKs pair is a clear signature of a KK pair with quantum numbers J^*^ = O"*"^, thus 
the (f) — > KgKgj — > 2(7r+7r~)7 process is searched for, where the main background are the 
resonant e^e~ — > 07 ^ KsK^^ and the continuum e+e~ 7r+7r^7r+7r^7 processes. From an 
integrated luminosity of 2.2 fb"^, 5 candidate events are found in data, whereas 3 events are 
expected from Monte Carlo background samples. This leads to BR((/) KK^) < 1.9 x 10~^ at 
the 90% CL. Fig. [2] shows the predictions of various theoretical models for the branching ratio. 
Some of them are excluded by this measurement. Thepresent upper limit is consistent with 
the BR(0 KKj) prediction computed with ao(980)^ /o(980) ^^ l -*^'^ l couplings measured by 
KLOE. 



search for 77 — <t(600) — > tv^tv^. While there is a long debate on the observationl -*-^ ! -*^^ of 
the £7(600) as a bound vr+vr^ state, there is no direct evidence for the cj(600) — > vr'^vr*^ decay. At 
DA$NE, the detection of the process e~^e~ e~^e~TT^TT^ implies'^ the intermediate process 77 
to a scalar meson state. From a sample of 11 pb~^ of data taken at t/s = 1 GeV, the feasibilty 
study of the vt'^tt" — > 47 invariant mass (M^-y) spectrum - without tagging e"*" or e~ in the final 
state - is performed. Preliminary results show an excess of events in the region below 400 
MeV, difficult to be explained by 4> decays or e'^e~ annihilation processes. This preliminary work 
is encouraging and motivates the analysis extension to the whole sample of 240 pb~^ collected 
by KLOE at = 1 GeV. 



4 Conclusions 



The KLOE data set, together with a precise simulation of the detector response and of a large 
number of several processes - (/> decays and continuum e^e~ annihilations - allowed for an 
extensive study of properties of scalar and pseudoscalar mesons: 

• the most precise BR(t/ TT^TT~e^e~) determination and the first measurement of the 
asymmetry between vr+vr^ and e^e~ planes, found compatible with zero; 

• evidence of valence gluons in the rj' wavefunction to three standard deviations; 

• good agreement between two tjtt^^ analyses with different systematics, where the combined 
fit of the two spectra points to a sizeable strange quark content in the ao(980); 

• upper limit of the BR((/) KKj) at 90% CL with the whole KLOE statistics; 

• excess of events with respect to known backgrounds in the 47 invariant mass. 

The programme of the KLOE-2 experiment, expected to roll in the e~^e~ interaction region of 
DA$NE in the second half of 2009, includes meson spectroscopy with 77 interactions, improved 
measurements in the r]-r]' sector and observation of the KK'j final states. 
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